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DObjective: Long-term survival after aortic surgery has remained largely unexplored, despite suggestions of
superior durability compared with endovascular techniques. The objective of the present study was to determine
the long-term survival after open thoracic aortic surgery and to identify the predictors of mortality.
Methods: The provincial database was accessed to identify all adult patients who had undergone primary open
thoracic aortic surgery in British Columbia since 1993. Kaplan-Meier survival analyses were performed for the
entire group and by year of surgery, urgency of surgery, and aortic segment requiring surgery. Multivariate
analyses were performed to identify the predictors of mortality.
Results: From January 1993 to June 2010, 1960 patients underwent primary open thoracic aortic surgery at
4 hospitals in British Columbia. Overall, the 30-day mortality was 9.1%, with a perioperative stroke rate of
5.8%. Long-term survival was 77.7%, 59.6%, and 44.7% at 5, 10, and 15 years, respectively. Subanalyses
demonstrated improved long-term survival in the modern era; among patients undergoing elective aortic sur-
gery; and among patients undergoing surgery on the ascending aorta or aortic root (P<.0001). The preoperative
characteristics associated with decreased long-term survival included age older than 65 years, acute renal failure,
dialysis, cerebrovascular accident, chronic obstructive pulmonary disease, peripheral vascular disease, and
descending or thoracoabdominal aorta surgery.
Conclusions: Long-term survival after elective thoracic aortic surgery is excellent, with improved outcomes in
the modern era. Several preoperative risk factors associated with decreased survival were identified, which could
assist in risk stratification and patient selection. Finally, the long-term survival rates identified in the present
study should serve as a benchmark to which new aortic interventions should be compared. (J Thorac Cardiovasc
Surg 2014;148:47-52)Thoracic aortic disease includes a range of acute and
chronic disorders of the aortic root, ascending aorta, aortic
arch, descending aorta, and thoracoabdominal aorta. Histor-
ically, open surgical repair has been the standard of care for
the treatment and prevention of thoracic aortic disease and
its complications, including aneurysms, dissections, rup-
tures, and traumatic injuries. However, with the introduc-
tion of endovascular stenting during the past decade, a
trend has begun toward thoracic endovascular aortic repair
(TEVAR), especially for the management of the descending
aorta, blunt traumatic aortic injury, and high-risk surgical
candidates with multiple comorbidities.1 Despite encour-
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The Journal of Thoracic and Cthe potential long-term complications after TEVAR.2,3
Although open surgical repair of the thoracic aorta is
often assumed to be more durable than TEVAR, the
long-term outcomes after open surgery have remain largely
unexplored in published studies. Therefore, the primary
objective of the present study was to explore the long-
term population-based survival after open thoracic aortic
surgery. Our secondary objective was to identify the risk
factors for decreased long-term survival after thoracic aortic
surgery.
METHODS
Study Population
Cardiac Services British Columbia prospectively collects clinical and
procedural data for all patients undergoing cardiac surgery at all 4 hospitals
in British Columbia at which cardiac surgery is performed. This database
was retrospectively interrogated to identify all adult patients who had
undergone primary open aortic surgery in the province from 1993 to
2010. Patients were excluded if they had previously undergone cardiac
or aortic surgery. The cases were linked to the British Columbia Vital
Statistics database to identify all-cause mortality.
Statistical Analysis
The cohort was stratified by the segment of aorta requiring surgery.
Some patients required surgery on more than 1 segment of the aorta. To
avoid counting any patient more than once, 4 categories were created.
The aortic root/ascending aorta included surgery on the aortic root and/
or ascending aorta only. The aortic arch included surgery on the aorticardiovascular Surgery c Volume 148, Number 1 47
Abbreviations and Acronyms
CI ¼ confidence interval
COPD ¼ chronic obstructive pulmonary disease
HR ¼ hazard ratio
PVD ¼ peripheral vascular disease
TEVAR ¼ thoracic endovascular aortic repair
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Darch, with or without surgery on the aortic root and/or ascending aorta. The
descending aorta included surgery on the descending aorta, with or without
surgery on a more proximal portion of the aorta. The thoracoabdominal
aorta included surgery on the thoracoabdominal aorta, with or without
surgery on any other portion of the aorta.
The baseline characteristics were summarized by group using the
mean standard deviation for age or numbers and percentages for categor-
ical variables. These baseline characteristics were then compared across
the groups using analysis of variance for age and the chi-square test for
the categorical variables.
The rates of 3 perioperative outcomes were analyzed by the aortic
segment requiring surgery and urgency of surgery and compared across
the groups using the chi-square test. The urgency of surgery was classified
according to the priority system used in British Columbia. Emergent
surgery included aortic rupture, acute type A dissection, and hemodynam-
ically unstable patients. Priority I included patients in the hospital waiting
for urgent surgery. Priority II included asymptomatic aortic aneurysms
and patients waiting at home for surgery, typically within 6 weeks.
Priority III was elective surgery within 12 weeks. The primary perioper-
ative outcome was a combined outcome of in-hospital 30-day stroke or
mortality. Patients were identified as having a stroke if it was recorded
on their hospital discharge summary, which was usually completed by
the surgeon at discharge. The secondary outcomes were 30-day mortality
and successful discharge home. Both in-hospital and out-of-hospital
deaths were included in the 30-day mortality measure. Successful
discharge home excluded all patients discharged to another hospital, reha-
bilitation or transition facility, or long-term care and those patients dying
in hospital.
Kaplan-Meier survival estimates were used to plot the long-term sur-
vival curves and derive the survival rates. Overall survival up to 15 years
was explored for the entire cohort. Survival was then explored by year of
surgery, urgency of surgery, and segment of the aorta requiring surgery.
The Kaplan-Meier survival estimates were repeated for patients surviving
longer than 30 days postoperatively, with the log-rank test used to test for
differences in the survival rates across the groups.TABLE 1. Baseline characteristics stratified by segment of aorta requirin
Characteristic Root/Asc (n ¼ 1166) Aortic arch (n ¼ 336)
Mean age (y) 61.6  14.3 65.8  11.4
Male gender 791 (67.8) 210 (62.5)
PVD 92 (7.9) 34 (10.1)
COPD 125 (10.7) 49 (14.6)
CVA/TIA 61 (5.2) 22 (6.6)
ARF 15 (1.3) 5 (1.5)
Diabetes 108 (9.3) 15 (4.5)
Smoker 367 (31.5) 108 (32.1)
Previous MI 127 (10.9) 26 (7.7)
Emergent surgery 154 (13.2) 118 (35.1)
Data presented as mean  standard deviation or n (%). P values determined using analysis
root and/or ascending aorta; TAA, thoracoabdominal aorta; PVD, peripheral vascular dise
TIA, transient ischemic attack; ARF, acute renal failure; MI, myocardial infarction.
48 The Journal of Thoracic and Cardiovascular SurgeThe independent risk factors formortalitywere identified in a 2-step pro-
cess, because the risk factors for 30-day mortality were expected to differ
from those associatedwith latemortality. In the first step, logistic regression
analysis was used to identify independent risk factors and estimate the odds
ratios and associated 95% confidence intervals (CIs) for 30-day mortality.
Next, for those surviving longer than the first 30 postoperative days, Cox
regression analysis was used to identify the risk factors and estimate their
hazard ratios (HRs) and associated 95% CIs for decreased long-term sur-
vival up to 8 years. The proportional hazards assumptionwas assessed using
Schoenfeld residual plots. All baseline characteristics were considered in
both multivariate models. The characteristics that were not statistically sig-
nificant (P>.05) for mortality were excluded from the models. Because of
the low number of patients at risk in some of the groups of interest, long-
term follow-up was limited to a maximum of 8 years.
A 2-sided P value of< .05 was considered statistically significant.
Statistical analyses were performed using Statistical Analysis Systems
software, version 9.3 (SAS Institute, Cary, NC).
RESULTS
Overall, 1960 patients underwent first-time open thoracic
aortic surgery in the province of British Columbia from
1993 to 2010, with a median follow-up of 4.8 years and a
maximum of 15 years. Of these 1960 cases, 59.5% involved
the aortic root and/or ascending aorta, 17.1% involved the
aortic arch, 15.2% involved the descending aorta, and
8.2% involved the thoracoabdominal aorta. The baseline
characteristics for the overall cohort, stratified by the
segment of aorta requiring surgery, are listed in Table 1.
The overall mean age was 62.3  14.2 years, and most pa-
tients (65.9%) were men. Preoperative comorbidities were
common, especially peripheral vascular disease (PVD;
9.8%), chronic obstructive pulmonary disease (COPD;
13.2%), and previous myocardial infarction (8.9%). Preop-
erative acute renal failure (5.6%) and PVD (16.8%) were
significantly more common among patients undergoing
thoracoabdominal aortic surgery, and diabetes (9.3%) and
previous myocardial infarction (10.9%) were significantly
more common among patients undergoing surgery on the
aortic root or ascending aorta. Furthermore, more than
one half of the patients undergoing surgery on the descend-
ing or thoracoabdominal aorta required emergent surgery
(53.9% and 59.0%, respectively).g surgery
Descending aorta (n ¼ 297) TAA (n ¼ 161) P value
60.8  16.8 63.2  18.1 <.001
188 (63.3) 102 (63.4) .17
39 (13.1) 27 (16.8) <.001
54 (18.2) 30 (18.6) <.001
13 (4.4) 9 (5.6) .67
2 (0.7) 9 (5.6) .003
12 (4.0) 9 (5.6) .001
82 (27.6) 50 (31.1) .59
9 (3.0) 12 (7.5) <.001
160 (53.9) 95 (59) <.001
of variance for age and the chi-square test for categorical variables. Root/Asc, Aortic
ase; COPD, chronic obstructive pulmonary disease; CVA, cerebrovascular accident;
ry c July 2014
TABLE 2. Perioperative outcomes, stratified by segment of aorta
requiring surgery
Outcome
Root/Asc
(n ¼ 1166)
Aortic arch
(n ¼ 336)
Descending
aorta
(n ¼ 297)
TAA
(n ¼ 161)
Stroke or death* 77 (6.6) 45 (13.4) 55 (18.5) 34 (21.1)
Death 52 (4.5) 23 (6.8) 35 (11.8) 24 (14.9)
Stroke 25 (2.1) 22 (6.5) 20 (6.7) 10 (6.2)
30-d Mortality* 63 (5.4) 36 (10.7) 47 (15.8) 33 (20.5)
Discharge home* 1001 (87.0) 269 (80.5) 205 (69.5) 89 (55.6)
Data presented as n (%). Root/Asc, Aortic root and/or ascending aorta; TAA, thora-
coabdominal aorta. *P<.001, chi-square test.
TABLE 4. Odds ratios and 95% confidence intervals for factors
associated with 30-day mortality
Variable OR (95% CI)
Age (per 5 y) 1.22 (1.14-1.31)
Urgency*
Emergent surgery 9.95 (2.33-42.46)
Priority I 2.47 (0.54-11.36)
Priority II 1.49 (0.35-6.37)
Aortic segmenty
Aortic arch 1.18 (0.74-1.89)
Descending aorta 1.67 (1.06-2.64)
TAA 2.05 (1.22-3.42)
Liver disease 9.00 (3.32-24.39)
Diabetes 1.85 (1.03-3.30)
OR, Odds ratio; CI, confidence interval; TAA, thoracoabdominal aorta. *Reference
group, priority III. yReference group, aortic root/ascending aorta.
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The perioperative outcomes, stratified by the segment of
aorta requiring surgery, are listed in Table 2. The primary
combined outcome of in-hospital 30-day stroke and mortal-
ity differed among the aortic segment groups (P< .001).
The lowest rate was observed among patients undergoing
surgery on their aortic root/ascending aorta (6.6%) and
highest among patients undergoing thoracoabdominal
aortic surgery (21.1%). The 30-day mortality rates fol-
lowed a similar trend, progressing from 5.4% in patients
undergoing aortic root/ascending aorta surgery to 20.5%
in patients undergoing thoracoabdominal aortic surgery
(P<.001). The rate of successful discharge homewas great-
est among patients undergoing aortic root/ascending aortic
surgery (87.0%) and lowest among patients undergoing
thoracoabdominal aortic surgery (55.6%).
The perioperative outcomes, stratified by the urgency of
surgery, are listed in Table 3, with significant group differ-
ences seen for all 3 outcomes (P< .001). Patients under-
going elective surgery demonstrated the lowest rate of
in-hospital 30-day stroke or mortality (2.3%) and the great-
est rate of successful discharge home (92.9%). In contrast,
patients undergoing emergent surgery demonstrated the
greatest rate of the combined outcome (26.0%) and the
lowest rate of successful discharge home (60.5%).
The results of the logistic regression model performed to
identify the risk factors for 30-day mortality are listed in
Table 4. Increased age, emergency surgery, liver disease,
diabetes, and surgery on the descending aorta or thoracoab-
dominal aorta were independently associated with increased
odds of 30-day mortality.TABLE 3. Perioperative outcomes, stratified by urgency of surgery
Outcome
Emergent
(n ¼ 527)
Priority I
(n ¼ 202)
Priority II
(n ¼ 1145)
Priority III
(n ¼ 86)
Stroke or death* 137 (26.0) 18 (8.9) 54 (4.7) 2 (2.3)
Death 92 (17.5) 9 (4.5) 31 (2.7) 2 (2.3)
Stroke 45 (8.5) 9 (4.5) 23 (2.0) 0 (0)
30-d Mortality* 119 (22.6) 14 (6.9) 44 (3.8) 2 (2.3)
Discharge home* 317 (60.5) 153 (76.5) 1015 (89.7) 79 (92.4)
Data presented as n (%). *P<.001, chi-square test.
The Journal of Thoracic and CLong-Term Survival
Among the overall cohort of patients undergoing primary
open thoracic aortic surgery in British Columbia from 1993
to 2010, survival at 1, 5, 10, and 15 years was 86.6% (95%
CI, 85.0-88.1), 77.7% (95% CI, 75.6-79.6), 59.6% (95%
CI, 56.5-62.6), and 44.7% (95% CI, 40.2-49.0; Figure 1).
When the patients were stratified by year of surgery
(1993-2001 vs 2002-2010), the survival rate up to 8 years
showed significant improvement in the modern era:
74.3% (95% CI, 70.6-77.7) versus 60.4% (95% CI,
56.6-63.9), respectively, at 8 years (Figure 2). This
improved survival rate in the modern era persisted beyond
the 30-day perioperative period (1993-2001 vs 2002-
2010, HR, 1.64; 95% CI, 1.31-206; P<.0001). Next, the
cohort was stratified by urgency of surgery. Figure 3 demon-
strates superior long-term survival at 8 years among patients
undergoing elective (priority III) surgery (89.1%; 95% CI,
79.0-94.5) compared with patients requiring emergent sur-
gery (57.6%; 95%CI, 52.6-62.2). This improved long-termFIGURE 1. Kaplan-Meier survival curve for all patients undergoing open
thoracic aortic surgery in British Columbia from 1993 to 2010. CI, Confi-
dence interval.
ardiovascular Surgery c Volume 148, Number 1 49
FIGURE 2. Kaplan-Meier survival curve stratified by the year of surgery
for all patients. Insert, Kaplan-Meier survival curve stratified by surgical
era for those surviving beyond the first 30 postoperative days.
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Dsurvival among patients undergoing elective compared with
emergency surgery remained when restricted to those sur-
viving longer than the first 30 postoperative days (HR,
0.33; 95% CI, 0.14-0.75; Figure 3, insert). Finally, when
the cohort was stratified by the segment of aorta requiring
surgery, the long-term survival at 8 years was superior
for the patients requiring surgery on their aortic root/
ascending aorta (73.7%; 95% CI, 70.4-76.7) compared
with the patients undergoing thoracoabdominal aortic sur-
gery (48.8%; 95% CI, 39.3-57.7). Again, this significant
difference remained when restricted to those surviving
beyond the first 30 postoperative days (HR, 0.45; 95%
CI, 0.32-0.64; Figure 4).FIGURE 3. Kaplan-Meier survival curve stratified by urgency of surgery. Ins
beyond the first 30 postoperative days.
50 The Journal of Thoracic and Cardiovascular SurgeA multivariate Cox regression model was fit to identify
the potential risk factors for decreased long-term survival
after open thoracic aortic surgery, excluding patients dying
within the first 30 days (Table 5). Compared with surgery on
the aortic root/ascending aorta, surgery on the descending
aorta (HR, 1.42; 95% CI, 1.06-1.91) and thoracoabdominal
aorta (HR, 2.12; 95% CI, 1.49-3.02) were both associated
with decreased survival up to 8 years. Age of 65 years or
older, collagen disease, preoperative acute renal failure,
preoperative dialysis, preoperative cerebrovascular acci-
dent and/or transient ischemic attack, COPD, and PVD
were also associated with decreased survival up to 8 years.DISCUSSION
The present population-based study of primary open
thoracic aortic surgery, using data from 1993 to 2010,
demonstrated an overall survival rate of 86.6% at 1 year,
which declined to 44.7% at 15 years. To the best of our
knowledge, this is the longest documented follow-up
among this patient population. Survival at 8 years was
significantly better in the modern era at 74.3% for 2002
to 2010 compared with the earlier era at 60.4% for 1993
to 2001. This significant difference remained even when
the cohort was restricted to those who had survived beyond
the perioperative period. The present study also identified
several risk factors for mortality, including increased age,
several comorbidities, and descending or thoracoabdominal
aortic surgery compared with aortic root or ascending aortic
surgery.
Long-term survival up to 8 years was superior among
patients undergoing open thoracic aortic surgery in theert, Kaplan-Meier survival curve stratified by urgency for those surviving
ry c July 2014
FIGURE 4. Kaplan-Meier survival curve stratified by segment of aorta requiring surgery. Insert, Kaplan-Meier survival curve stratified by the segment of
aorta requiring surgery for those surviving beyond the first 30 postoperative days.
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greater rate of perioperative mortality in the earlier surgical
era, the survival benefit among patients undergoing more
recent surgery persisted, even after excluding patients who
had not survived beyond the first 30 days. The improved sur-
vival in the modern era was likely multifactorial and could
have been the result of improvements in patient selection,
increased preoperative surveillance, earlier surgical inter-
vention, modifications in surgical technique, an increased
focus on cerebral and myocardial protection, and dedicated
multidisciplinary perioperative management teams.TABLE 5. Hazard ratios and 95% confidence intervals for factors
associated with long-term survival up to 8 years for patients
surviving beyond 30 days
Variable HR (95% CI)
Aortic segment*
Aortic arch 0.97 (0.70-1.34)
Descending aorta 1.42 (1.06-1.91)
TAA 2.12 (1.49-3.02)
Age<65 yy 0.40 (0.31-0.51)
Collagen disease 2.29 (1.07-4.87)
Preoperative ARF 3.14 (1.38-7.13)
Preoperative dialysis 1.73 (1.07-2.81)
Preoperative CVA or TIA 1.52 (1.00-2.30)
COPD 1.70 (1.30-2.23)
PVD 1.65 (1.23-2.21)
HR, Hazard ratio; CI, confidence interval; TAA, thoracoabdominal aorta; PVD,
peripheral vascular disease; COPD, chronic obstructive pulmonary disease; CVA,
cerebrovascular accident; TIA, transient ischemic attack; ARF, acute renal failure.
*Reference group, aortic root/ascending aorta. yReference group, age  65 y.
The Journal of Thoracic and CAs expected, the long-term survival was significantly bet-
ter among patients undergoing elective aortic surgery than
among those patients requiring more urgent surgery
(P<.001). Both patients and surgeons will typically accept
the greater risks associatedwith emergency surgery, because
the alternative nonsurgical treatment option has often been
associated with an even greater risk of mortality. Further-
more, some high-risk surgical candidates might be followed
up clinically until aortic dissection or rupture occurs, forcing
surgical intervention. This differential patient selection will
clearly influence the outcomes after elective and emergency
surgery. In the present study, the patients undergoing elec-
tive surgery were younger (57.5 vs 63 years, P< .0001),
with a lower incidence of PVD (5.8% vs 12.7%, P ¼ .05),
COPD (4.7% vs 11.6%, P ¼ .01), acute renal failure (0%
vs 4.6%, P< .001), dialysis (1.3% vs 3.6%, P< .001),
and previous myocardial infarctions (0% vs 8.0%,
P¼ .01). The trend toward improved late survival at 8 years
persisted in the elective cohort even when restricted to those
surviving beyond the first 30 postoperative days, demon-
strating that the benefits of elective surgery persist beyond
the perioperative period. This finding might suggest that
improvements in imaging, earlier diagnosis, increased sur-
veillance, and earlier surgery can improve the long-term out-
comes for some patients with aortic disease.
Stratification of the overall open aortic surgical repair
cohort by the segment of aorta requiring surgery demon-
strated that the long-term survival estimate at 8 years was
greatest among patients undergoing repair of the aortic
root/ascending aorta (73.7%; 95% CI, 70.4-76.7) andardiovascular Surgery c Volume 148, Number 1 51
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Dlowest among patients undergoing thoracoabdominal aortic
surgery (48.8%; 95% CI, 39.3-57.7; P < .0001). The
decreased long-term survival after thoracoabdominal aortic
repair resulted in part from the multiple preoperative co-
morbidities and the frequent need for emergent surgery, re-
sulting in high rates of 30-day mortality (20.5%). However,
the inferior long-term survival after thoracoabdominal
aortic surgery persisted even among those who survived
beyond the first 30 days.
Although follow-up to 15 years has not previously been
documented in published studies, the survival rates docu-
mented in our population-based study were comparable to
the intermediate-term survival rates previously published by
several other groups.4-6 Nearly 2 decades ago, Svensson and
colleagues4 documented 10-year survival rates in the thora-
coabdominal cohort that ranged from 12% to 42%, with
lower survival rates associated with the presence of athero-
sclerotic heart disease, decreased kidney function, aortic
dissection, and postoperative paralysis or paraparesis. In
contrast, the 8-year survival among the thoracoabdominal
cohort in our study, which included a large number of emer-
gency cases, was 48.8% (95% CI, 39.3-57.7). A multitude
of advancements in diagnostic imaging, patient selection,
operative technique, and postoperative management likely
account for the much improved outcomes during the past
20 years.
Patel and colleagues5 recently reviewed their 17-year
experience with 721 patients who had undergone open sur-
gical repair of the aortic arch. In their study, the actuarial
survival at 10 years was 65% for the entire arch cohort:
69.1% for patients without type A dissection and 58%
for those with type A dissection.5 This was similar to the
intermediate-term survival seen in our aortic arch cohort
(69.1%; 95% CI, 62.8-74.6) at 8 years. Similarly, in an
earlier study, Crawford and colleagues6 reviewed their
experience with 717 patients who had undergone ascending
aorta and/or transverse aortic arch surgery. The 5- and
7-year survival rate in their study was 66% and 57%,
respectively.6 In contrast, the 5-year survival rates in our
study were higher at 80.0% for the aortic root/ascending
aorta cohort and 77.4% for the aortic arch group. Again,
the factors resulting in these improvements in survival dur-
ing the past 20 years were likely multifactorial.
Finally, the multivariate analysis in our study identified
several independent risk factors for decreased long-term sur-
vival after open thoracic aortic surgery, including increased
age, COPD, PVD, previous cerebrovascular accident/tran-
sient ischemic attack, collagen disease, preoperative acute52 The Journal of Thoracic and Cardiovascular Surgerenal failure or dialysis, and the segment of aorta requiring
surgery. However, most of these are nonmodifiable risk
factors. However, these results could assist in developing a
preoperative scoring system in the future to identify those
at high risk of open surgical repair and could assist in the de-
cision to proceed with less-invasive management strategies,
such as TEVAR or observation and medical management.
The major limitations of the present study were those
inherent to a retrospective review of a prospectively main-
tained database, including missing and/or incomplete
data, underestimation of outcomes, including stroke and
mortality, differences in surgical technique, changes in ce-
rebral protection technique, and ongoing improvements in
perioperative management. Linking with Vital Statistics,
which registers all deaths for British Columbian residents,
might have overestimated the survival, because some pa-
tients might have moved out of the province and subse-
quently died. However, every attempt was made to ensure
that the data were as complete and accurate as possible.
CONCLUSIONS
Long-term survival after elective thoracic aortic surgery
is excellent, and the outcomes have improved in the modern
era. Furthermore, several preoperative risk factors that in-
crease the risk of postoperativemortality after open thoracic
aortic surgery were identified and could potentially be used
to develop a scoring system to assist in choosing the most
appropriate therapeutic technique—open surgical repair,
TEVAR, or medical management. Finally, the long-term
survival rates demonstrated in the present study should
serve as a benchmark to which new techniques, including
TEVAR, should be compared.References
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